Introduction
In recent years a number of investigators have been involved in the flows of non-Newtonian fluids. These kinds of fluids offer special challenges to the engineers, modellers, mathematiciens, numerical simulists and physicists alike. The study of non-Newtonian fluids is very important in view of its applications in various branches of engineering and technology. Rheological complex fluids such as blood plasma, chocolate, tomato sauce, mustard, mayonnaise, toothpaste, asphalt, some greases and sewage, shampoo, synovial, food stuffs, microfluidics, drilling muds, clay coatings, certain oils and greases, polymer melts, elastomers, lubrication, paints, are some examples of non-Newtonian fluids and cannot be well described by the Navier-Stokes theory. Due to the large variety of fluids and industrial applications, several constitutive equations of non-Newtonian fluids have been proposed. Because of complex nature of fluids, there is not a single constitutive equation available in the literature which can describe the flow properties of all the non-Newtonian fluids. Various models are suggested to express the constitutive equations of non-Newtonian fluids. Amongst these fluid models, the differential type models have been much attracted by the investigators in the field.
Many asymptotic techniques including homotopy analysis method [2] , variational iteration method (VIM) [3, 4, 5, 6, 7 ], Adomian's decomposition method (ADM) [8, 9] , Inverse scattering method [10] Lie group method [11] were used to handle strongly nonlinear systems.
In this work, He's homotopy perturbation method [13] [14] [15] [16] [17] for the MHD steady flow of a fourth grade fluid in a circular pipe is studied. The fluid is electrically conducting in the presence of an external uniform magnetic field.
The study of flow for an electrically conducting fluid has applications in many engineering problems such as MHD power generators, MHD pumps, accelerators, plasma studies, geothermal energy extractions, the boundary layer control, aerodynamic heating, electrostatic precipitation, polymer technology, petroleum industry, purification of crude oil and fluid droplets and sprays, the flow of nuclear fuel slurries, the flows of liquid state metals and alloys, cooling of continuous strips and filaments drawn through a quiescent fluid ,purification of molten metals from non-metallic inclusions, flows in biomechanics, packed bed reactors, insulation systems, ceramic processing, enhanced oil recovery, chromatography, filtration processes, flow meters, etc.
It is proven that the homotopy perturbation method is very effective to determine the governing equation satisfied by the velocity for unidirectional flow of a second grade fluid is linear whereas it is non-linear for third or fourth grade fluids.
Mathematical formulation
We consider steady flow of electrically conducting, incompressible, fourth grade fluid in a nonconducting circular pipe. The -axis is taken along the axis of the flow. Constant magnetic field z 0 B is applied and no electric field is applied. The flow is induced due to constant applied pressure gradient in the z-direction. The equations which govern the MHD flow are the continuity, momentum and Maxwell equations. Using the velocity field (0, 0, ( )) V u r = , the incompressibility condition is satisfied identically and momentum and Maxwell equations after using the constitutive equations: 
and the stated assumptions give:
where u is the axial velocity; T Cauchy stress tensor ; μ is the coefficient of viscosity; ( 1, 2) i i ,
, γ = − are material constants; p is the pressure; I is the identity tensor; (σ is the electrical conductivity of the fluid). Note that the induced magnetic field is neglected which is a valid assumption for small magnetic Reynolds number. Now first the velocity field is determined from Eq. (3) and then the pressure field can be easily calculated using Eq. (2). It is also noted that velocity 
The equation which governs the flow becomes [1]:
with the boundary conditions:
Analysis of He's homotopy perturbation method
To illustrate the basic ideas of this method, we consider the following nonlinear differential Equation:
With the boundary conditions of 
By the homotopy technique, we construct a homotopy, ( , ) :
[0,1] v r p R Ω × → , which satisfies: (12) 
The changing process of p from zero to unity is just that of from to . In topology, this is called deformation, while
According to the HPM, we can first use the embedding parameter p as a "small parameter", and assume that the solution of Eqs. (11) And (12) can be written as a power series in p : 
The combination of the perturbation method and the homotopy method is called the HPM, which eliminates the drawbacks of the traditional perturbation methods while keeping all its advantage. The series (16) (15), if the four terms approximations are sufficient, we will obtain:
where i f ,
are functions yet to be determined. After separating the linear and nonlinear parts of the equation, we apply homotopy-perturbation to Eq. (11) . A homotopy can be constructed as follows; 
Conclusions
In this work, homotopy perturbation method has been successfully applied to a strongly nonlinear magnetohydrodynamic (MHD) flow through a circular pipe for fourth grade fluids equation. The numerical results reveal that the proposed method (HPM) is very simple and straightforward, which avoids the complex procedures of other methods. Furthermore this approach doesn't require any discretization, linearization or small perturbations and therefore is capable of greatly reducing the size of calculations while still maintaining high accuracy of the numerical solution.
In these cases, we obtained excellent performances that might lead to promising approaches for many applications. For computations we used Maple 9.5.
